Complementary strands in DNA double helix show temporary fluctuational openings which are essential to biological functions such as transcription and replication of the genetic information. I discuss the interplay between twisting of the double helix and anharmonic stacking along the molecule backbone suggesting an interesting relation between intrinsic nonlinear character of the microscopic interactions and molecular topology.
I. HAMILTONIAN MODEL FOR DNA
While it has been long recognized that the form of the DNA molecule is key to understand its biological function [1] , a considerable amount of work has been recently devoted to explain the DNA dynamics in terms of the microscopic interactions at play in the double helix. A fully atomistic description of DNA, even of a short fragment, would represent a formidable computational task due to the huge number of degrees of freedom. Moreover, the specificity of DNA lies in its capability to store the genetic information and allow a reading of the latter through large amplitude motions which temporarily bring apart portions of the complementary strands. To describe these properties we need mesoscopic models at the scale of the base pair, the fundamental entity in the nucleotide which encodes the information.
The one-dimensional Dauxois-Peyrard-Bishop (DPB) model [2] has provided a fundamental tool for the biophysicists working in the field.
The DPB Hamiltonian for a system of N bps, with reduced mass µ, assumes the pair mates separation y n (for the n-th base pair) with respect to the ground state position as the relevant degree of freedom. The inter-base pair interactions are modeled by a Morse potential V M (y n ) whereas the intra-base pair stacking along the molecule backbone is described by an anharmonic potential V S (y n , y n−1 ).
Recently, I have proposed to apply the path integral method [3] to a modified DPB Hamiltonian which includes a twist angle θ between adjacent bases, n and n − 1, along the DNA backbone [4] as shown in Fig. 1 . Twisting is described by the angle that the bps rotate around the molecule axis. B-DNA at room temperature has a helix repeat of ∼ 35Å hosting h ∼ 10 bps, hence the equilibrium twist angle is θ eq = 2π/h ∼ 0.6 rad. Taking a short fragment, N = 100, the (integer) equilibrium twist is (T w) eq = N/h = 10 [1]. The
Hamiltonian reads:
D n and a n are the pair dissociation energy and the inverse length setting the hydrogen bond potential range for the n-th base pair. K is the harmonic stacking whereas ρ and α are the anharmonic stacking parameters which are taken independent of the type of base at the n and n−1 sites. The homogeneity assumption for the stacking relies on the observation that both types of bps contain a purine plus a pyrimidine, the former being larger and heavier.
Thus the AT-and GC-bps are comparable in size and weight. For the choice of the model potential parameters see Refs. [4] . Eq. (1) also introduces the solvent potential V sol which adds to V M thus enhancing by f s D n the height of the energy barrier above which the base pair dissociates. The factor f s = 0.3 mimics the effect of a high salt concentration which screens the negatively charged phosphate groups. The length l s = 3Å defines the range beyond which the Morse plateau is recovered and D n returns to be the fundamental energy scale. For y n > l s , the two strands are apart from each other and the hydrogen bond with the solvent is established.
II. PATH INTEGRAL METHOD
The imaginary time path integral method [5] is applied to Eq. (1) by introducing the idea that the y n can be described by paths x(τ i ), the latter being periodic functions of the imaginary time τ i , x(τ i ) = x(τ i + β) with β being the inverse temperature,. The index i numbers the bps along the τ -axis. In fact, there are N + 1 base pairs in Eq. (1) 
and this introduces the following physical picture: Applying the mapping technique to Eq. (1), the classical partition function for the DNA molecule in the solvent is
where λ µ = π/βK is the thermal wavelength. From Eq. (3), I compute the ensemble average for the displacement of the i − th base pair, < x(τ i ) >, which permits to get the fraction f of open bps. As the UV signal changes quite abruptly when the bps dissociate, f is defined in terms of the Heaviside function ϑ(•) as:
The threshold ζ yields a criterion to establish whether an average base pair displacement is open, < x(τ i ) > ≥ ζ, or not.
III. ANHARMONIC STACKING VERSUS TWIST
The computational method is here applied to investigate the interplay between twisting and stacking anharmonicity also in view of the special role given to the latter in the DPB model where a finite ρ induces a sharp denaturation transition driven by sizeable melting entropy [2] . In Fig. 2 the melting profiles are plotted both for the DPB model with zero twist while only 35% are larger than 0.6Å. Thus it is the twisting that switches on the ρ effect.
The latter induces those cooperative interactions along the molecule backbone which are peculiar of the fluctuational openings. Accordingly, the anharmonic stacking renders the double helix flexible hence it does increase the molecule resilience against the whole thermal disruption of the hydrogen bonds. In this sense, anharmonicity is a stabilizing factor for
